The compound [(NH3)sCoO2Co(NH3)5](NO3) 5 has been prepared and its structure determined. The space group is P42nm with a = b = 11.94 and c = 8"06 A. The two cobalt atoms are linked together by a peroxide group. The bonding is similar to that in the olefin complex.
Introduction
Dinuclear cobaltic #-peroxo coordination compounds were for the first time prepared by Fremy (1852). He prepared salts of the ion [(NH3)sCo-O2-Co(NHs)5] 4+ and was also able to perform a complete and correct analysis of these compounds, which contain both the cobalt atoms in valency state +III and are coloured dark red. From these salts another series of salts can be prepared, which are characterized by their intense dark-green colour. The first salt in this series was prepared by Maquenne (1883) . Later Vortman (1885) managed to prepare several compounds of this type. Maquenne and Vortman believed these compounds to contain an ion [(NHs)sCo(III). O. OH. Co(III)(NHa)5] 5+ . Werner & Mylius (1898) proved, however, that there were no hydrogen atoms bonded to the bridging peroxide groups. In addition to compounds with one bridge, Werner (1910) prepared dinuclear cobaltic complexes containing two or three bridges. The bridging groups could be OH-, NH~ or 022-. All these complexes were either red and diamagnetic or green and paramagnetic (Gleu & Rehm, 1938) . In the red compounds the valency of the cobalt atoms is obviously +III; the cobalt valency in the green paramagnetie corn- pounds is, however, not obvious. Both types are listed in Table 1 . Werner (1910) proposed that the valency of the cobalt atoms in the green compound should be +III for one of them and +IV for the other. As the valency state +IV is very uncommon for cobalt, several authors, Gleu & Rehm (1938) , Malatesta (1942) , Thompson & Wilmarth (1952) , Dunitz & Orgel (1953) , Khakham and Reibel (1955), Jacob & Ogorzalek (1956) , proposed that the bridging group should be a superoxide group 0~-and not a peroxide group O.~-. Then the cobalt valence would be -t-III for both atoms.
A paramagnetic-resonance study performed by Berhal, Ebsworth & Weft (1959) and showed that there are equal charges on both cobalt atoms, which could support the assumption that the atoms are linked by a superoxide link.
For all discussions mentioned so far the oxygen atoms were thought to lie on the cobalt-cobalt axis;
i.e. the symmetry of the complex ion should be D4a (Dunitz & Orgel (1953) ). However, the bonding in [(NH3)sCo/~(O~.)Co(NH3)5] 5+ is certainly of the same kind as in [(NH3)4Co#(02, NH~)Co(NH3)4] 4+. VlSek (1960) pointed out that in the latter ion it is very difficult to place the peroxide (or superoxide) group parallel to the cobalt axis. Either there will be a very close approach of the oxygen atoms to the ammonia molecules or the distance between the cobalt atoms and the bridging am±de group will be more than 3 J~, which would mean a very loose bonding, contrary to experimental results. However, if the peroxide (or superoxide) group is placed perpendicular to the cobalt axis, this obstacle is overcome. Vl6ek (1960) could also show that this arrangement fits the molecular-orbital theory, with one unpaired electron distributed over the whole group [Co-02-Co] 5+ but mainly localized on the cobalt atoms.
Experimental
Decammine-#-peroxodicobalt pentanitrate was prepared according to the method given by Werner & Mylius (1898) .
The structure of [(NHa) have a needle shape, the length being parallel to the crystallographic c-axis. Well developed single crystals" were rotated about the needle axis and a direction perpendicular to it. All zones detectable with Fe Karadiation were registered using the multiple-film Weissenberg technique. Corrections for Loreatz effects and polarization but not for absorption were made. The measured density was 1-840 g.cm -3 and the calculated one for two formula units in the elementary cell 1.821 g.cm-3.
Determination of the structure
From a Patterson projection along the c-axis the positions of the cobaltic ions could be calculated. The cobalt contribution to the structure factors of reflexions of the type h + 2k = 4n + 2 is small, and so less than half of the signs of reflexions of the type hkO could be determined. However, from the Patterson syntheses approximate positions of the ammonia molecules could also be found. From these and the cobalt-ion positions a set of signs for the hkO structure factors was calculated and a Fourier synthesis was computed. This revealed the coordination about the cobalt ions, but the positions of the nitrate groups were very obscure.
There are ten nitrate groups in the elementary cell. Packing considerations show that of these groups eight can be placed in the general positions d and two in the special positions a. Alternatively four groups can be placed in the special positions b, another four in c and two as previously in a. However, it is impossible to place a nitrate group in a fixed position about the position b without violating the symmetry restrictions. Therefore the first alternative was tried but it had to be abandoned after fruitless attempts to get agreement between the observed and calculated structure factors. tion that the group rotates freely. From the projection only x and y parameters could be calculated and some of these were known only approximately, as the overlap was considerable. For the z-parameters and better x and y parameters a three-dimensional synthesis was carried out. The space group lacks a symmetry center. The z-parameter for the four cobalt ions could then arbitrarily be fixed to 0 and ½. Further, the space-groups requirements and the hkO projection solution give directly the distance between the two cobalt atoms, as well as between the cobalt atoms and two of the ligands. The N-O distance in a nitrate group is known to be 1.20 ~, and the packing distance between oxygen atoms was estimated to be 3/~. With this knowledge approximate z parameters for all the atoms could be calculated. The real and complex parts of the structure factors and the phase angles were calculated, and the electron density could now be evaluated. This gave more accurate atomic parameters from which in its turn more accurate phase angles and electron densities could be calculated. The cycle was repeated twice. The final R factor for all reflexions was 0.20.
Description of the structure
Bond lengths and bond angles of the structure arrived at are tabulated in Tables 4 and 5 can be seen in Fig. 1 and the gravity center of the peroxide group form a somewhat distorted octahedron about the cobaltic ions. The ammonia configuration is very little distorted. The angle between two ammonia molecules situated above and below the plane of the peroxide group is, as could be expected, somewhat more than 90 ° . The angle between ammonia-cobalt bonds, both pointing up or both pointing down from the plane of the peroxide group, is then a little less than 90 °. The rest of the bond angles between ammonia-cobalt bonds are little distorted. The bond distances between the cobaltic ions and the ammonia molecules are the expected ones. The distances between the cobalt and the peroxide oxygens are considerably longer than usual. The geometrical configuration is the one postulated by VlSek, i.e. the peroxide axis is perpendicular to the connection line between the cobaltic ions. The distance between the oxygen atoms in the peroxide group is slightly but not significantly shorter than in other peroxides. The bond lengths in the nitrate group do not deviate significantly from the values found in other nitrates. As mentioned, four of the ten nitrate ions are found to rotate. The rotation cannot be completely free as the distance between the nitrogen atoms is only 4.03 _~. Possibly the rotating nitrate ions do not form a sphere but a rotation ellipsoid. Such a rotation of nitrate groups in structures involving space-demanding cations is not uncommon.
Discussion of the structure
The structure suits the electronic description of V15ek very well. The two cobaltic ions and the bridging peroxide group are bonded together in a ~-complex. The bonding M0-bonds are formed by the dx2_v2, pv and s orbitals of the cobalt atoms and the pv+pv and p~-p~ orbitals of the peroxide group. The single "electron is situated in an ant±bonding orbital formed by the dyz orbitals of the cobalt atoms and the p~ + p~ orbital of the peroxide group. The electron is mainly localized on the cobalt atoms. The bond order of the cobalt-peroxide bond is accordingly ~. The corressponding bond distance is also greater than that of a normal bond.
The infrared spectrum
The infrared spectrum of [(NHs)sCo02Co(NH3)5](N03)5 has a strong rather broad peak at 3200 cm. -1, a medium strong one at 1630 cm. -1, a very strong and very broad peak about 1350 cm. -1 and a broad double peak with maxima at 820 and 840 cm. -1.
According to Cotton (1960) and Lawson (1961) , the N-H stretching mode generally gives a strong band about 3400 cm. -1. The formation of an ammoniacobalt bond can be expected to shift the band towards lower frequencies. A possible hydrogen bonding should give the same result. An octahedral ammonia cobalt complex gives bands in the neighbourhood of 820 cm.-1, 1310 cm.-~ and 1600 cm.-~. The first is probably due to a rocking mode, the second to a symmetric deformation and the last to an asymmetric deformation mode, all of the ammonia molecules. Nitrate ions generally give a very strong band in the neighbourhood of 1365 cm.-~ and a strong and sharp band about 830 cm. -1.
Accordingly the spectra can be interpreted in the following way: The first peak at 3200 cm.-~ is due to the N-H stretching mode, the second at 1630 to a mode of the ammonia molecules in the complex ion, the peak at 1350 to overlap between bands caused by vibrations of the nitrate ion and the ammonia molecules. The peaks at 820 and 840 cm.-~ can be attributed to a N-0 mode and to a mode of ammonia.
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